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SUMMARY 



Investigations carried out with this rat e~of -climb 
recorder proved it to he a practical instrument for the 
accurate recording of static-pressure differences. It 
can oe used for stationary and nonstationary measurements. 
A heat-insulated glass flask of 4 , 000- cubic- centimeter 
content has proved practical as compensating tank. 

The chief advantage of the instrument lies in the de- 
gree of accuracy obtainable with suitably flexibLe capsule 
(dynamic pressure recorder with small test range) and in 
its sensitivity for recording static-pressure changes. 

In contrast to the measurements in which the vertical 
speeds were determined from the readings of a recording 
altimeter with a test range of 1,500 meters at the most, 
the flight measurements can now he executed at any alti- 
tude • 

For all flight measurements, provision should he mo.de 
for a time lapse of ~ 25 seconds "between the closing of 
the compensating cock and the actual start of recording in 
order to bring the flow in the compensating "bottle and in 
the lines toa state of complete rest. 

From the appended error calculation, it is seen that 
no correction of the ohtained data, as a result of the 
pressure change in the compensating vessel relative to sea- 
level pressure at which it is calihrated, is necessary for 
heights below 1,000 meters, where at a maximum outside 
pressure change of as high as 125 millimeters WS , the error 
is less than 1 percent. 



"Steig- und S inkge schwindigke i t s s Chr e iber . 11 Luftwissen, 
vol, 4, no. 5 , May 19 r *7, pp. 153-157. 
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. I . INTRODUCTION 



The flight performances of an airplane are worked up 
from climbing and sinking speed nieasurements. For the de- 
termination of these speeds, three principal methods were 
heretofore available : 

a) The pho to graphic method: 

"b ) Rate-lof -climb indicator reading; 

c) Direct interpretation of the vertical 
speed from the height record. 

The question of employing any one of the three meth- 
ods must he decided according to the problem under con- 
sideration. The first method is rarely used "because of 
its comparatively inferior accuracy and time-consuming 
evaluation. If it concerns more comprehensive measure- 
ments where, for example, several indicating airplane in- 
struments are read or filmed, a rate-of-climb indicator is 
satisfactory. But, if the time element of some of the re- 
cording quantities is involved, the rat o-o f - cl i mb indica- 
tor is ruled out because of its fundamentally limited in- 
ert i a • 

So, of the three methods, the last one remains as the 
most practical for fundamental investigations, since for 
research purposes recording instruments are prominently 
used and the course of the vertical speed can, moreover, 
be observed for longer periods. Aside from that, the lag 
of the recording altimeter (so far as optical recording 
afforded with the Askania quadruple recorder or the EVL 
dual recorder is employed) is practically nonexistent, be- 
cause in these instruments the mechanical friction is re- 
duced to an almost irreducible minimum, and the static 
casing as lag-promoting space, is kept as small as possi- 
ble. But even this type of speed of climb and descent 
evaluation is afflicted with various sources of error. 
One chief source of error lies in the type of test method; 
the vertical speed of the airplane relative to the ground 
is measured, whereas what is desired is simply the speed 
relative to the surrounding air. The ensuing error can 
be kept small by confining the flight tests to calm weath- 
er. Another source of error follows from the inaccuracy 
of record interpretation. The recording altimeter custom- 
arily used in such flight tests, has a range of approxi- 
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matoly 1,500 meters , v^ith a 90-millimeter recording height 
The recording periods range from 10 to 15 seconds. Assum- 
ing a speed of climb of 3 meters per second, the height of 
the record in the calibration curve which corresponds to 
the speed of clime for a 10-second interval, amounts to: 

10...x^Q_x_90 = w mm 
1500 

It is readily seen that this low height of recording 
can cause very serious errors in the interpretation. If, 
for reasons of safety, as in spinning investigations, for 
example, the height is substantially increased, the inter- 
pretation is altogether impossible unless the records are 
pho to graphically enlarged. 

Hereinafter follows the description of an instrumen- 
tal arrangement which enables the reduction of the de- 
scribed interpretation error to a minimum through arbi- 
trary transmission of the height record. 



II • DESCRIPTION AND HOOK-UP OP INSTRUMENT 



The instrument (fig. 1 ) comprises an optical DVL dual 
recorder trhich (aside from the height capsule) is fitted 
vrith a differential pressure capsule instead of the usual 
dynamic pressure capsule. The chosen test range of tl25 
millimeters WS , appears to meet the pressure differences 
encountered in service. A 4,000 cubic centimeter compen- 
sating flask is fitted on the capsule side of the recorder 
The static casing of the instruments joins the static lead 
of the pi tot tube in the usual manner. A compensating 
cock permits connection at any time of the compensating 
flask with the static circuit to assure pressure balance. 
At start of recording the compensating cock is closed, 
trapping a certain amount of air in the pressure capsule 
and in the compensating flask. As the airplane climbs or 
descends, the outside pressure changes relatively to the 
practically constant pressure in the compensating flask. 

The pressure is recorded by the pressure-difference 
recorder and constitutes a criterion for the obtained ver- 
tical speeds. For the previously cited capsule with -125 
millimeters test range (corresponding reading. t45 milli- 
meters), a 3-meter-por- second vertical speed and a 10-soc- 
end recording period corresponds to a reading of 



4 



I7.A.C.A. Technical Memorandum No* 849 



lQ_x_.?_x l.m ^ 90 = 14 mn 

250 



With a corro spondingpLy more flexible capsule, still higher 
readings arc obtainable without difficulty, although the 
capsule described above has proved very reliable for the 
usual polar measurements, according to the tests. 

Between the closing of the compensating cock and the 
start of the actual measurement, an interval of ~ 30 sec- 
onds should elapse to permit the air in the compensating 
"bottle and in the pipes to "become perfectly still. During 
this interval, level flight should "be maintained to avoid 
loss of height recording. 

Observance of the pressure is insured through a liq- 
uid manometer hooked up, parallel with the pressure cap- 
sule* To avoid o ver st re ssing in the capsule diaphragm, 
the liquid manometer is fitted with electric contacts 
which, on exceeding a certain pressure, are "bridged over 
by the water column made conductive "by a slight addition 
of acid and flash a pilot light. Then the compensating 
cock must "be opened immediately (fig* 2 ) • 

The compensating flask is a thermos "bottle of 4,000- 
cubic-centimeter content, packed in thick sponge rubber. 
The instrument is calibrated after its installation in the 
airplane, From the calculation which follows, it is seen 
that the indicating errors caused "by calibration at sea- 
level pressure, are relatively insignificant and negligi- 
bly small up to 1,000 motors altitude. 

As to the calibration itself, it should be borne in 
mind that the compensating cock should be opened after eac 
test point in order to prevent a gradual minor temperature 
change and consequently, erroneous pressure in the compen- 
sating flask as a result of volume change in the metering 
box during calibration and with it an adiabatic change of 
state. In fact, the calibration with permanently closed 
compensating cock is accompanied by a slight shift of the 
neutral line. 

For these reasons it is advised not to have the com- 
pensating volume loss than 4,000 cubic centimeters* 
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III. RESULTS OF MASUESHENTS 



The described instrument was counted in an Albatros 
L 75 and tested in a scries of full- throttle and power-off 
flights. In conjunction with it, an optical DTI dual re- 
corder for altitude and dynamic pressure was used for con- 
pari son. The sinking speeds were evaluated with the new 
instrument and for the sane dynamic pressures also, accord 
ing to the conventional method through differentiation of 
the height record. All records were synchronized by means 
of tine narks with a TCetzer contact clock. 

The starting of the entire set-up using 6 V was ac- 
complished with a master switch from the observer's seat. 

The evaluation of the vertical speed w, according 
to the record of the new instrument, follows: If Ap a 
denotes the obtained air-pressure difference, »1 the 
mean air density, and At the recording period in seconds 
the relation / 

w = YE ST* (n/s) (1) 

( At) 0 in mm T7S ) 

a 

against the vertical speed from the altitude reading: 

. . i|jS & W.) <*) 

(Ap in mm Hg ) 
~ a 

The validity of both relations rests on the assumption 

d-o n « 

that -f - does not change throughout the recording period 
( ~ 12 seconds). Obviously, this assumption in nowise stip 
ulatos a rectilinear course of the record itself, because 
its characteristic is largely dependent upon the form of 
the calibration curve (fig, 12 )• The smaller the compen- 
sating flask, the flatter the curve will be, because dur- 
ing the calibration the deflected capsule volume causes 
an appreciable pressure rise in the compensating flask. 
To illustrate: For a 1-liter thermos bottle as compensat- 
ing flask, the pressure rise - with the pressure-differ- 
ence capsule used in these tests - would already amount to 
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1 « 8 mm Hg=24 .4 mm WS for an outside pressure change of 10 

mm Eg, according to figure 6. This, however, means that 

part of the increased evaluation accuracy achieved with 

the new instrument would "be lost again through the then 

much flatter calibration curve. The check on the constancy 

dp n H. 
of — & follows from the dynamic pressure record; i.e., 

CL Xi 

the dynamic pressure must manifest no change during the 
recording -oeriod. If this is not the case, the different 

tial Quotient substitutes for at the particular point, 

1 dt 

Pigurc 3 shows various records of speed of cliinb and 
descent with the Albatros L 75, along with the vertical 
speeds obtained "by the other two methods for comparison* 
From the outer "boundary curve one can sec that the width 
of the error hand representing the rate of climb and de- 
scent is much greater when evaluated according to equation 
(2) than with the new method (equation (l)). 

Figure 4 shows the record of the rat e- of - climb record- 
er together with the corresponding record of the altitude 
recorder at equal dynamic pressures. 

The instrument is also practical for recording non- 
stationary flight movements. But in order to assure sat- 
isfactory results, the slow liquid column must be replaced 
by some indicating member which is not responsive to accel- 
erations, so as to provide adequate protection against 
ovcrprcGsures in the recording capsule. In the final ver- 
sion (fig. 2a) this overpressure safeguard is in the form 
of a statically cased-iii pressure-difference capsule which, 
by means of contacts, closes an electric circuit and 
flashes a signal light as soon as the test range of the re- 
cording-pressure capsule in the optical dual recorder is 
approached . 

Figure 5 shows the static pressure for a disturbance 
in airplane equilibrium induced by a pull and subsequent 
release of the elevator (longitudinal oscillation). In 
contrast to the flat oscillation which corresponds to the 
same motion of the airplane as record of the altitude re- 
corder, it is possible to discern fine altitude fluctua- 
tions on the curve of the new instrument and even to ef- 
fect a dif f erent iat ion of the curve. 

Some supplementary tests were made in the elevator of 
the Scrlin radio tower, using a pressure-difference capsule 
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as ordinarily employed for dynamic pressure measurements. 
Tno test range .amounted to 250 millimeters WS (fig. It). 
Since the elevator speed varied within wide limits, the 
check on the measuring accuracy was confined to an evalur.- 
tion of the height. The nominal height of 120.8 meters 
was ascertained, from the instrument reading to within ±0.8- 
meter accuracy, or an error of much less than 1 percent. 



IV. CALCULATION OF ERROR 
L T o tat ion (fig. 1 ) 
p., pressure in compensating flask (mm Hg ) 

p , atmospheric pressure (mm Hg ) 

Ap a > atmospheric pressure change (positive 



a, 



in climb, negative in glide) (mm Hg ) 



PjL , pressure change in compensating "bottle 

(positive in climb, negative in glide) (mm Hg) 

Vj , volume of compensating "bottle (cm 3 ) 

A7j , change in volume due to deflection of 

capsule ( cm 3 ) 



factor of capsule (cra 3 /mm Hg) 



Aa"°-> corrective term (mm TCS ) 

Q 1 



If the trapped air is loft to itself for at least 
25 seconds, an isothcrmic change of state may "be assumed, 
"because after that, temperature changes from without or 
through changes in volume, are practically absent. 

With the above notation, re have: 

-o. V. . (to. - A-o. ) (7. + AV. ) (1) 
-ii N ^i -i l i 



hence 

At) . = P< (l - - * A ') (2) 



as change of pressure in the compensating "bottle, '.Then the 
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conpcnsat ing cock is cloned and the change in capsule vol- 
ume an-d manometer level is caused "by a change in total 
volume of ± ATj . 

Assuming that the pressure change increases in direct 
proportion to the change in volume and that the pressure 
on the capsule and manometer is (Ap a - APi ) , we can 
write 

A Vi - a (A Pa - A Pi ) 

with a to he defined by test. The simplest way to do 
this is to fill the capsule with say, alcohol, and load 
the capsule with the highest occurring pressure differ- 
ence. The overflowing alcohol which can he measured in a 
calibrated rising tube connected to the capsule gives, 
after division ."by the pressure difference, the capsule 
coefficient a. Written in equation (2), we have: 



/- l - i 



A p. = p 4 |l - 7 Ji 7— r ! (3) 



which, solved according to Ap^ , gives 

Vj + a (Ap a + pi) 



4 , t i -= j-= ± 



/V. + a (Ap + p. )\ 

/ f-1 11 _i- ] - Aid p, (4 

V V 2a J ^ a 1 

This equation (4), the minus sign being applicable herein, 

can be simplified by applying the approximate equation 

JT± "1 t 1 * | ; (6 « 1) 

Denoting the summand Vj + a (Ap a + Pj ) i n equation 

2a 

(4 ) with b , gives : 



. = d - y'h 2 - Ap a P . 



A TD, 



Ap o p. 

Then, since — ~ — <* 1 , we can approximate 

h 2 
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Ap p. 

A p . = b - Id + — ^T- — 
- i 2d 



i 21) 



a a 1 i 



which, after insertion of b, leaves: 

a Ap 

A p . = ; \ ^ ° J 

F * V i + a (Ap a + p 4 5 

For this formula, figure 6 gives for a = 0.27 
Cm 3 /mm Eg, r> ± = 760 mm Eg, Ap a = 10 mm Eg, the course 
of Atk = f(V i ). For the experimental instrument and its 

4 f 000 -cubic- centimeter compensating volume, it means a 
maximum cal ibratablc error of 0.49 mm Hg = 7 mm WS . It is 
not advisable to use less than a 4 , 000-cubic-cent imoter 
volume , % or the calibration curve will "become too flat. 
For the same reason, a should he kept as small as possi- 
ble ~ i.e., the deflected capsule volume also should be 
kept suitably low. 

Forming the total differential of equation (5) 

9&pM SAp. 
dAio. m dD. + dAp — ■* (6 J 

1 1 1 1 9 Pi a 9Ap a 

the effects of the error can be appraised. 

The second summand comprising the change in inside 
pressure with the outside pressure cancels, since this 
share of the error is already incorporated in the cali- 
bration curve. 

Inserting the value for 'frp from equation (5), 
gives: for equation f 6 ) , 

I* + a Ap a 

A P a & 

&&t>a = dT>4 r ( ? ) 

4- a Ap 

(-- S + Pi 

\ a 1 
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Since the function A p. = f(p.) represents an unusu- 

ally ilat nyioerbolc, — — can "be looked udoii as "be- 

ing constant within the limits of the flight measurements 
concerned (0 to 4,000 meters). 

For the experimental instrument the value amounts to 

1 3AD-: 5 
jr --r--^ ~ 6.2 X 10 



This makes the corrective term, which must "be sub- 
;ed from Ap of the calibra - 

'initc quantities in equation (7) 



tractcd from Ap of the calibration curve, after adding 



A A "o, = (p - tot •) Aid 6.2 x 10"" (mm WS ) (8) 

Herein p x = ground pressure of calibration (mm Hg ) , 

"D = pressure at altitude of flight, and Ar>_ = outside 

pressure change (in mm T7S ) obtained from the calibrai 
curve. 



,t ion 



That ^^Pj_ c ^ n ^ e neglected for the conditions en- 
countered in flight operation, is seen from a numerical 
example . 

At 1,000 meters flying altitude, (p x - p 2 ) is 
~ 100 mm Hg. The maximum potential Ap^ is ±125 mm T7S 



which leaves 



AaD. = 100 x 125 x G.2 "10"" 5 



= ±0.77 mm WS 

to he subtracted from Ap . 

**" a 

But if flight measurements are made at greater height 
a correction with respect to equation (8) is absolutely 
necessary. 



'Translation by J. Vanier, 
National Advisory Committee 
for Aeronautics. 
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Figs. 1,1a, 3, 6 
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Figure 1.- Basic diagram of 
experimental 
instruments. 



.5 



* o 



5 

0 







<rn ntliBjjfiffTy 




Fit/ ft 


hro+rf 


I 

e 








f 




— =M 


TOtem 
















V 






0 A 


U yffCJn 


7 

lie pr 


V A 

1 

SSSurC 


IV IS 


y * 


























m 
















f 






Powe/ 


--off 












^^>| 


V 





















Figure 3.- Determination of rate of 
climb and descent for the 
Albatros L75. 

(1) Error band as interpreted from 
altigraph record , 

(2) Error band as interpreted from 
rate of climb recorder. 
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Figure la.- Calibration curve from a calibration 
on the ground. 
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Figure 6.- Pressure change against magnitude of 
compensating volume. 
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Figure 5.- Record of longitudinal 

oscillation of airplane 
due to disturbance caused by 
elevator. 

(1) Record of recording altimeter. 

(2) Record of rate of climb 
recorder. 



Figure 2.- Control 

panel 
for operating rate 
of climb recorder 



pifot tube 

I To pressure d/fference recorder 
To com pensati ng f/osk 



Figure 2a.- Final version of instrument 
with overpressure safeguard 
(cased-in pressure difference capsule). 



Figure lb.- Pressure record in the elevator of the 
Berlin radio tower going up to 120.8 m (396.3 ft.) 
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Figure 4.- Record of rate of climb recorder compared to 
that of recording altimeter for equal dynamic pressure. 




